The case: A 57-year-old man presented to hospital with a 2-week history of progressive malaise, myalgia, fever, nausea, vomiting, diarrhea, polyuria and polydipsia. He had a history of gastresophageal reflux that did not respond to ranitidine. He had started taking oral pantoprazole (40 mg daily) 6 weeks earlier. The patient had a history of coronary artery disease and was taking acetylsalicylic acid (81 mg daily) and atorvastatin (40 mg daily). He reported having taken ibuprofen (400 mg) for myalgia no more than 3 times over the 2-week period before presentation. He had no history of renal disease or drug allergies.
• Acute interstitial nephritis should be considered in cases of acute renal failure if pre-and post-renal causes have been ruled out.
• There are numerous causes of acute interstitial nephritis, including adverse drug reactions (e.g., to antimicrobials, nonsteroidal anti-inflammatory drugs and acid suppressors), infections and systemic diseases.
• Treatment is initially directed at the systemic disease or removing the offending agent.
• Steroid therapy may be indicated in cases of acute interstitial nephritis that do not respond to initial treatment.
• Timely diagnosis is important because early intervention improves the outcome. The patient was prescribed high-dose oral prednisone (1 mg/kg daily) with stepwise tapering. After 45 days, the patient's creatinine level had decreased and plateaued at 145 μmol/L. Prednisone therapy was discontinued on day 98. On day 168, his creatinine level was 147 μmol/L, there was no proteinuria, and his blood pressure was normal.
Esophagogastroduodenoscopy was performed to evaluate the patient's reflux disease. The results suggested severe esophagitis with a benign lower esophageal ulcer. The patient was given both ranitidine and domperidone, and he was instructed not to take any proton pump inhibitors or nonsteroidal anti-inflammatory drugs, except for acetylsalicylic acid (81 mg daily). As of the patient's last visit, his reflux was controlled with ranitidine (300 mg twice daily) and calcium carbonate tablets (750 mg twice daily).
Our patient was diagnosed with acute interstitial nephritis likely caused by the use of pantoprazole. The key features leading to this diagnosis were acute renal failure from a renal cause with associated proteinuria and eosinophiluria, as well as a renal biopsy that showed interstitial inflammation and a lack of evidence for other causes of renal failure.
Acute interstitial nephritis is responsible for 1%-3% of cases of acute renal failure. 1 It occurs following injury to the tubules or interstitium of the kidney. The common causes of acute interstitial nephritis are listed in Box 1. Acute interstitial nephritis may be suspected in cases of acute renal failure where pre-and post-renal causes have been ruled out.
Clinical characteristics
The clinical presentation of acute interstitial nephritis can vary; however, patients typically present with general symptoms of renal failure, such as nausea, vomiting and fatigue. Injury to the medulla can inhibit the ability to concentrate urine, leading to polyuria and polydipsia. 2 Hypertension and edema are not typical features; these signs can help distinguish acute interstitial nephritis from a vascular or glomerular problem. 2 Laboratory investigations typically show elevated levels of creatinine (Box 2). Depending on the extent of tubular involvement, abnormalities in electrolyte levels may be present, the most common of which are hyponatremia and hyperkalemia. 2 Pyuria and proteinuria are almost always present, and hematuria is present in 90% of cases. 3 With druginduced acute interstitial nephritis, eosinophiluria occurs in about 80% of cases. 3 To diagnose acute interstitial nephritis, one must first rule out pre-and post-renal causes of acute renal failure and investigate the potential causes of acute interstitial nephritis. The suspicion of acute interstitial nephritis should be increased if kidney function improves after withdrawal of the suspected offending agent. The diagnosis can be confirmed by subsequent resolution of kidney function as shown by creatinine levels. In cases of severe renal failure or persistent loss of kidney function after removing the suspected agent, a biopsy is required to confirm the diagnosis of acute interstitial nephritis and to rule out other diseases that have a similar presentation, such as acute tubular necrosis. 2 Because acute interstitial nephritis is potentially life-threatening, accurate and timely diagnosis of this condition is critical.
Causes of acute interstitial nephritis
Drug reactions are the most frequent cause of acute interstitial nephritis. The most common drugs that cause acute interstitial nephritis are penicillins, cephalosporins, sulfon- amides and nonsteroidal anti-inflammatory drugs. 1 The mechanism that causes acute interstitial nephritis is unknown, but it is thought to be an immunologic effect, for which there are no known risk factors. 4 The onset of acute interstitial nephritis can occur from hours to months after beginning the inciting agent; about 80% of patients will show renal symptoms within 3 weeks (average 10 days). 3 Along with the clinical manifestations of acute interstitial nephritis, these patients may also present with low-grade fever, maculopapular rash and mild arthralgia. 3 The diagnosis is more difficult to make in the case of long-term therapy with a drug that can cause acute interstitial nephritis, such as phenytoin or allopurinol, and when the delay in development of the disease is months rather than weeks. Up to 40% of patients with drug-induced acute interstitial nephritis may have persistently elevated levels of creatinine, reflecting irreversible kidney damage. 3 The mainstay treatment of drug-induced acute interstitial nephritis is conservative management with withdrawal of the causative agent and monitoring for improvement of renal function. Noncontrolled retrospective and observational studies have shown that there may be a role for immunosuppression with steroid treatment for cases in which the diagnosis of acute interstitial nephritis is confirmed by biopsy but kidney function does not improve after withdrawal of the suspected agent. 3 Data from a recent retrospective study of acute interstitial nephritis suggest that early initiation of steroid therapy within 2 weeks of cessation of the causative agent may lead to improved renal function.
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Acute interstitial nephritis and proton pump inhibitors
The first case of acute interstitial nephritis caused by pantoprazole was reported in 2004. 1 Acute interstitial nephritis has been described with multiple different proton pump inhibitors, including omeprazole, pantoprazole and rabeprazole. 4, 6 In the 2008 Canadian drug monograph for pantoprazole sodium, interstitial nephritis was listed as a reported adverse event in postmarketing use for which a causal relation to pantoprazole could not be ruled out. In 2007 in Canada, Pantoloc was the fourth most common out-patient prescription (5054 prescriptions dispensed), which was an increase of 16.3% from 2006. 7 Although this adverse reaction is rare, the number of cases of acute interstitial nephritis induced by proton pump inhibitors is thought to be increasing because of their increasing widespread use. 6 However, the exact rate of this rare adverse event is difficult to estimate because many patients are taking multiple medications, which also makes it difficult to establish a causal relation between proton pump inhibitors and acute interstitial nephritis.
In our patient's case, the most likely cause of his acute interstitial nephritis was pantoprazole. However, the occasional use of ibuprofen is another potential cause of acute interstitial nephritis. A rechallenge with pantoprazole was not performed because we felt that it would be unethical. Another hypothesis is that the use of ibuprofen in combination with pantoprazole increased the patient's susceptibility to developing acute interstitial nephritis through some unknown mechanism. A third potential cause was the daily use of acetylsalicylic acid, which can also cause acute interstitial nephritis. However, the patient had tolerated this medication daily for years. Because of the association of the onset of symptoms with pantoprazole therapy, the use of ibuprofen in response to the symptoms of acute renal failure experienced by the patient, and the longterm tolerance of acetylsalicylic acid, the most likely offending agent was pantoprazole.
Little data exists about approaches to treating acute interstitial nephritis caused by proton pump inhibitors. Thus, man- 
Drugs
• Antimicrobials (ampicillin, ciprofloxacin, methicillin, penicillin, rifampicin, sulfonamides)
• Nonsteroidal anti-inflammatory drugs (acetylsalicylic acid, fenoprofen, ibuprofen, indomethacin, naproxen, phenylbutazone, piroxicam, tolmetin, zomepirac)
• Acid suppressors (omeprazole, pantoprazole, rabeprazole, cimetidine)
• Others (phenytoin, furosemide, allopurinol, phenindione )
Infections
• Direct infiltration (leptospirosis, cytomegalovirus, candidiasis)
• Reactive to systemic infections (streptococcal infection, diphtheria, Hantavirus)
Systemic diseases
• Metabolic diseases (urate nephropathy, hypercalcemic nephropathy, oxalate nephropathy)
• Immunologic reactions (transplant rejection, systemic lupus erythematosis, sarcoidosis, cryoglobulinemia)
• Neoplastic diseases (lymphoproliferative diseases)
Idiopathic causes
*These are the most common causes of acute interstitial nephritis, but this list is not exhaustive.
Box 2: Characteristics of acute interstitial nephritis
• Acute elevation in creatinine levels (not caused by pre-or post-renal etiologies)
• General malaise, nausea (caused by buildup of metabolites)
• Normal blood pressure, no edema (distinguishes acute interstitial nephritis from acute tubular necrosis)
• Polyuria and polydypsia (kidneys unable to concentrate urine)
• Maculopapular rash (may be an early indication of drug-induced acute interstitial nephritis)
• Proteinuria (caused by tubular damage)
• Pyuria (occurs in almost all cases)
• Hematuria (occurs in about 90% of cases)
• Eosinophiluria (occurs in 80% of cases of drug-induced acute interstitial nephritis) agement should similar to that for general drug-induced acute interstitial nephritis. Because proton pump inhibitors are widely used, more studies are needed to understand the mechanism that leads to interstitial nephritis, the risk factors for its development and whether this is a class effect. Because acute interstitial nephritis is a rare adverse effect of proton pump inhibitors, physicians should not hesitate to prescribe these drugs for appropriate indications in the absence of a history of acute interstitial nephritis. Rather, it is important that physicians be aware of the common drugs that can cause acute interstitial nephritis and monitor patients for the signs and symptoms of this disease because early intervention can improve the outcome. Finally, it is important to take a full drug history, including prescribed and over-thecounter medications, herbal remedies and illicit drugs, for patients who present with the signs and symptoms of acute renal failure.
